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TECHNICAL CONTENT STATEMENT 


This report contains information prepared by Monsanto Research 
Corporation under Jet Propulsion Laboratory Subcontract. Its 
content is not necessarily endorsed by the Jet Propulsion Labora* 
tory, the California Institute of Technology » or the National 
Aeronautics and Space Administration. 


NEW TECHNOLOGY 


No New Technology is reportable for the period covered by this 
report. 
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ABSTRACT 


The overall objective of this contract is to determine a defini- 
tion of solar grade silicon by investigating the singular and the 
combined effect of the impurities usually found in metallurgical 
grade silicon on solar cell device performance. The impurity 
matrix was defined by Jet Propulsion Laboratory Technical Direc- 
tion Memorandum. The initial work was focussed on standardizing 
our solar cell process and test procedure < growing baseline crys- 
tals, growing crystals "contaminated" with carbon, iron, nickel, 
zirconium, aluminum and vanadium, solar blank preparation, and 
material characterization. The status of progress, an updated 
program plan, and the projected activities for the next phase of 
the contract are discussed. 
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SUMMARY 


1 . 1 PURPOSE AND OBJECTIVE OF WORK 


The purpose of studying the influence of impurities and impurity 
content on the properties of single crystal silicon is to find 
maximum impurity concentrations that still make acceptable solar 
cell devices for terrestrial application. 

The overall objective is to determine a definition of solar grade 
silicon from the data obtained during the course of this study. 
This definition will be in the form of specifications for poly- 
crystal silicon suitable as starting material for single crystal 
sheet, ribbon, or slice preparation for the high volume manufac- 
ture of terrestrial solar cells with efficiency equal to or 
greater than 12%. 


1.2 APPROACH 

Both Czochralski and float-zone technology are being employed in 
growing experimental single crystals to study the influence of 
commonly found impurities on solar cell performance against high 
and low-oxygen background in silicon. To investigate thoroughly 
the effectiveness of a sawed surface, solar cell pairs will be 
prepared on blanks with backside damage and on blanks which are 
completely damage free. All crystals are being characterized by 
electrical, metallographic , and chemical-physical analysis. A 
slice-locating system has been devised to correlate, without 
error, material characterizations with device performance. A 
simple solar cell manufacturing process is used which generates 
devices of reproducible efficiency from baseline, i.e. standard 
semiconductor grade 1-4 ohm-cm P-type Czochralski silicon. Pre- 
cise infoxrmation of impurity content of the material and device 
performance data will permit definition of maximum allowable im- 
purity levels in "solar grade" silicon. 


1 . 3 TECHNICAL STATUS 


• A simple laboratory solar device fabrication process em- 
ploying phosphine diffusion and titanium-silver metalli- 
zation has been developed. The process delivers without 
anti-reflection coating and backside treatment 8% effi- 
cient cells reproducibly . 

• All scheduled baseline material and experimental crystals 
with carbon, iron, nickel, zirconium, vanadium and aluminum 
as "secondary or contaminating" impurities have been grown. 
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• Material characterization and blank preparation is in 
progress. 

• A slice identification system has been devised which allows 
locating any slice within a crystal. 

• The first set of blanks has been delivered to Jet Propulsion 
Laboratory . 


2 
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TECHNICAL PROGRESS 


2.1 HIGH-OXYGEN CRYSTALS (CZOCHRALSKI) 

The scheduled baseline Czochralski material, P-type, boron-doped, 
0.5 - 0.015 ohm-cm, was grown on the (100) plane with no diffi- 
culty. When adding carbon as the secondary impurity, we found 
that 9 X 10^^ atoms/cc, the literature value of the limit of sol- 
ubility of carbon in solid silicon in contact with the melt, was 
not compatible with our "zero-dislocation" process. This process 
requires a crystallization rate away from the seed which is much 
too fast for carbon to comply with the equilibrium value of the 
segregation coefficient. To avoid precipitation or "feathering" 
we added, instead of the^theoretical 8.6 x lO”** mg carbon per 
gram melt, only 1.6 x lO”** mg/g. To obtain sufficient single 
crystal with 10^^ atoms/cc carbon content, the crystal must be 
grown at a much faster rate than usual. The new procedure is 
being employed in growing material with iron as the secondary or 
contaminating impurity. After experiencing failure because of 
loss of structure (=zero-dislocation) and feathering, lowering 
the iron content in the melt and accelerating the growth rate re- 
sulted in pulling 80% of the melt before feathering occurred.* A 
sufficient portion of this material should have the desired iron 
concentration of 1 x 10^^ atoms/cc. 


2.2 LOW-OXYGEN CRYSTALS (FLOAT- ZONED) 

The poly feed rods selected for the contract have low base levels 
of less than 0.3 ppb N-type impurities (effective value, i.e. 

Njj-Na) • The rods are 50 cm long, and 26 to 28 mm in diameter. 

Special care is taken in handling the rods to avoid any surface 

contamination . 

The poly rod is set up in a zone refiner which has a chamber 
approximately 15 cm in diameter (I.D.) and 110 cm long. An r-f 
heating coil concentric to the top rod and the bottom seed is 
located in the center of the chamber. The coil used is a one- 

turn copper loop with silver plating. Its dimensions are 28 mm 

I.D. and 62 mm O.D. The generator used for the r-f power operates 
at 2.2 to 3.0 MHz and is capable of delivering up to 50 kW power. 

The first pass smooths the somewhat rough poly surface and "sweeps" 
any metallic impurity present to the end of the rod. The first 
pass is started by preheating the poly rod and by forming a molten 
drop on the bottom of the rod. The seed is brought in contact 
with the molten drop. By individually controlling the rate that 
the poly rod is fed into the coil and the rate at which the seed 
is pulled away from the coil, a taper is established on the rod 
gradually increasing to the desired diameter. 
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After the first pass the rod is prepared for "contamination" with 
I the metallic impurity. Since the zone volume increases steadily 

I in the taper and becomes nearly constant only in the body, metal> 

I lie impurities are added at about 1 in. above the end of the taper. 

The exact molten volume is difficult to measure directly. We esti- 
mated it at 2.355 cm^ (zone volume). This value is used to calcu- 
late the amount of metallic impurities to be added. 

Three notches of 1 mm width and 7 mm length are sawed in the rod 
at about 1/2 in. apart. The rod is then etched and thoroughly 
cleaned. The weighed amount of the metal (preferably in wire 
form) is inserted in these notches and the rod is set up for the 
final pass. 

Boron doping is done by allowing a diborane/argon gas mixture to 
flow continuously around the molten zone. The various parameters 
used in the first and the final pass are listed in Table 1. 

Table 2 lists the crystals grown to date. 
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Table 2 


FLOAT- ZONE CRYSTALS PREPARED TO DATE 


Crystal No, 


Impurities 

Primary Secondary 


Resistivity 

Target 

(ohm-cm) 


MIA 

Boron 




1.0 

MIB 

Boron 



- 

0.1 

MIC 

Boron 



- 

<0.1 

M 2 

Boron 

Fe 

(-V, 

10^5 at./cc) 

in 

• 

o 

M 4 

Boron 

Ni 

{\ 

10^® at./cc) 

in 

• 

o 

M 5 

Boron 

V 

(% 

5 X 10^** at./cc) 

0.5 

M 6 

Boron 

Zr 

(V 

to be determined) 

0.5 

MIO 

Boron 

A1 

(<v 

10^^ at./cc) 

0.5 


Amount of Metal Impurity to be Added 

(grams) 


X X A^ 
sew 


o o 


e 


w 


Zone Volume, cc 
Atomic Wt of the Metal, g 
N© ® Avogadro's Number 

C “ Amount of impurity (atoms/cc) desired in the solid 
8 

K s Equilibrium segregation coefficient 


2.3 MATERIAL CHARACTERIZATION 

As of today, sixteen crystal sections and sample slices from ten 
sections have been received for characterization . The resistivity 
data gleaned so far are summarized in Tables 3 and 4. All crys- 
tals were P-type. The minority carrier lifetime was less than 20 
microseconds in all specimens. Development of technique to deter- 
mine lifetime in low resistivity and slice material is incomplete. 
Metallographic techniques, Sirtl-etching before and after oxidation, 
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Table 3 


ELECTRICAL RESISTIVITY OF CRYSTAL SECTIONS 




Center p 

Gradient 

*R/2 

Gradient 

1/8" 



SE 

OE 

SE 

OE 

SE 


OE 

Section 

Type 

Tohm 

-cm) 

% 



« 


C-l-A 

P 

0.53 

0.51 

0.8 

0.4 

1.4 


0.4 

C-l-C 

P 

0.016 

0.015 

0.3 

1.0 

0.5 


1.0 

C-2-C 

P 

0.015 

0.015 

0.8 

0.3 

2.4 


0.9 

M-l-A 

P 

1.04 

1.08 

0.9 

4.9 

4.3 


5.1 

M-l-C 

P 

0.04 

0.04 

4.6 

0.3 

3.3 


1.8 

M-l-B 

P 

0.14 

0.16 

0.7 

0.3 

2.6 


1.9 

C-2-A (1) 

P 

0.52 

0.50 

2.0 

0.7 

0.9 


0.9 

C-2-A (2) 

P 

0.50 

0.51 

2.4 

0.4 

7.5 


1.9 

M-4-B (1) 

P 

0.45 

0.43 

2.8 

0.2 

6.2 


1.6 

M-2-B (1) 

P 

0.42 

0.47 

1.3 

1.0 

1.8 


4.0 

M-2-B (2) 

P 

0.35 

0.36 

0.7 

2.3 

5.6 


4.9 

M-2-C 

P 

0.05 

0.05 

1.1 

5.6 

0.1 


9.8 

M-4-B (2) 

P 

0.49 

0.46 

1.8 

0.4 

4.5 


2.0 

M-6-B 

P 

0.49 

0.44 

0.2 

6.4 

4.2 


12.4 

C-3-A 

P 

0.48 

0.38 

0 

2.4 

1.4 


5.7 

% Gradient 

Edge-Center 

Center 

X 100. 



■ 
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Table 4 


ELECTRICAL RESISTIVITY OF SLICES 


Section No. 

Slice 

Resistivity 

Results of Slice Band Resistivity 


Center 

R/2 Gradient 

1/8 Gradient X 

Range 

Sigma 

% Sigma 

C-l-C 

0.01593 

-1.9 

3.5 

0.01586 

0.0009 

0.00021 

1.35 


0.01568 

1.9 

5.9 

0.01598 

0.0008 

0.00019 

1.19 


0.01620 

-1.5 

6.7 

0.01610 

0.0007 

0.00017 

1.03 


0.01585 

0.3 

5.0 

0.01602 

0.0007 

0.00017 

1.04 

C-2-C 

0.01593 

-0.8 

3.9 

0.01580 

0.0004 

0.00009 

0.60 

'-j 

0.01493 

1.1 

4.5 

0.01508 

0.0008 

0.00019 

1.25 


0.01575 

0.6 

4.6 

0.01587 

0.0008 

0.00019 

1.19 


0.01613 

0.3 

4.5 

0.01609 

0.0009 

0.00021 

1.33 

M-l-A 

1.006 

0.9 

4.6 

1.018 

0.061 

0.0172 

1.68 


1.027 

1.1 

6.1 

1.036 

0.050 

0.0141 

1.36 

M-l-C 

0.0418 

-0.5 

1.7 

0.0420 

0.0032 

0.0009 

2.14 


0.0392 

-0.3 

1.3 

0.0395 

0.0023 

0.0006 

1.51 


were employed to determine structure and to facilitate proper 
cropping of the as-grown crystal. A slice identification system 
was developed which enables us to pinpoint any processed slice's 
exact location in the crystal (Figure 1). 


DISTANCE BETWEEN NOTCH LOCATES 
SLICE POSITION WITHIN EACH CYLINDER 



OPPOSITE END 


Figure 1. Slice identification 


I ■ 
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I 2.4 CHEMICAL/PHYSICAL ANALYSIS 

I Requirements for sample sizes / nvunber of wafers^ and thickness of 

I wafers for analysis have been determined. The first series of 

crystals of Czochralski process (C-1 and C-2) and Mon-X process 
(M-1) have been received according to analytical requirements. 

Several samples were taken from carbon-doped sample (C-2) and pre- 
pared for vacuum fusion analysis. The samples were sent to Leco 
Corporation for oxygen and carbon determination. Quadruplicate 
determinations of those elements were requested and the data will 
be used as references in analysis with infrared spectrophotometry 
(IR) and spark source mass spectrometry (SSMS) . 

Sample preparations for IR, SSMS, and emission spectroscopy (ES) 
are in process. 


2.5 SOLAR CELL FABRICATION AND TESTING 


2.5.1 Diffusion 

The phosphorus diffusions in this work employ phosphine as a dif- 
fusant source. The diffusions are carried out at 850*C in a gas 
stream consisting of 800 cc/min. of 1% PH 3 in Ar, 140 cc/min. of 
O 2 , and 3000 cc/min. of N 2 . The wafers are given a 3-minute pre- 
heat in the hot zone in O 2 and N 2 , and a 10 - 30 minute diffusion 
in the full gas stream, followed by a 10 -minute oxidation and 
flushing operation in O 2 and N 2 and a 5-minute slow cool in N 2 in 
the end of the furnace tube. 

In order to obtain the best reproducibility,^ diffusion runs are 
spaced 30 minutes apart with a N 2 flow through the furnace during 
this period. A run without wafers is performed prior to each 
series of diffusions to condition the diffusion tube. Sheet re- 
sistances in the range of 50 to 100 ohms/Qare under investigation. 

A boron solar cell diffusion for N-type substrates was under de- 
velopment during the first portion of this contract since the pro- 
posed matrix of experiments included equal niimbers of N and P type 
substrates. The N-type substrates were essentially eliminated by 
a Technical Direction Memorandum from JPL so that the development 
of the boron solar cell diffusion has been postponed. The work 
done to date is summarized below. 

The boron diffusion employed for this work makes use of Combat^ 
boron nitride discs as the boron source. This method of diffusion 
has been investigated by Goldsmith^- of RCA and others** and has 
some advantages over other boron diffusion methods. 

Carborundum claims that the BN disc system results in improved 
sheet resistance reproducibility of ± 2% across the wafer, + 3% 
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within a run, and i 4% from run to run, and these claims seem to 
be born out by our experience. In addition, this system should 
be expandable to larger wafers and large numbers of wafers with- 
out the difficulties encountered in flow systems. Grade "A" BN 
wafers are currently being used in this work. Grade "M” BN wafers 
were used initially and resulted in solar cells which suffered 
from shorts. 

The diffusions are carried out in the following manner. Before 
the initial oxidation the BN discs are solvent-cleaned, rinsed 
and etched, then rinsed again, dried, and placed in a diffusion 
boat. These discs are then thoroughly baked in flowing N 2 in the 
entrance of the furnace tube and then slowly pushed into the cen- 
ter zone of the furnace at 920"C. At this point the N 2 is turned 
off and the discs are oxxdizea in a flow of 1000 cc/min. of O 2 for 
30 minutes. Then the discs are stabilized at the same temperature 
in 1000 cc/min. of N 2 for 1 hour. It is necessary to store the 
discs after oxidation in a dry N 2 atmosphere at a temperature of 
200“C or greater. This is done in a diffusion tube extension near 
the entrance of the furnace. The discs are reoxidized every week. 

The silicon wafers are placed in the diffusion boat back to back, 
with the front surfaces facing BN discs. The wafer surfaces are 
parallel to the BN discs and spaced about 1/8 in. apart. The BN 
discs used have a diameter at least 1/4 in. greater than the sil- 
icon wafers. The wafer and disc surfaces are perpendicular to the 
axis of the furnace tube and the diffusion is carried out in a 
1000 cc/min. N 2 -flow. 

After deposition the wafers are cleaned and a drive-in diffusion 
and oxidation can be used if desired to obtain a deeper junction 
with lower boron concentration. To date the boron diffused solar 
cells have been investigated using only the deposition diffusion 
described here which results in a sheet resistance of 97 ohms/g . 

The above diffusion processes are being developed using semicon- 
ductor grade silicon in the range of 0.3 to 2 ohm-cm resistivity. 
This material will then be used as a control and a wafer will be 
run with each diffusion batch to insure that the diffusion was 
accomplished as intended. 


2.5.2 Fabrication 

Following diffusion the wafers are fabricated into solar cells 
using Ti/Ag contacts and photolithographic techniques to define 
the desired patterns. The principal .steps in the fabrication 
process are described below; 

1. Mask front of wafer with black wax. 

2. Remove oxide from back of slice in 10% HF. 
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3. Remove diffused layer from back of slice in CP4. 

4. Solvent clean and rinse in distilled H 2 O. 

5. Remove oxide from front of cell in 10% HP followed by a 

1 minute rinse in 0.5% HP/ rinse and spin dry. 

6. Evaporate 500-800A Ti followed by lO^OOOA Ag on the front 
of the wafer and then on the back of the wafer. 

7. Heat treat at 500®C for 10 minutes. 

8. Photoresist and etch junction-side contact pattern. 

Protect backside metallization with photoresist and 
remove photoresist after etching. 

9. Heat treat at 575®C for 10 minutes. 

10. Scribe and break into 2 x 2 cm cells. 

11. Solder dip. 

12. Some cells will be antireflection-coated at this point. 
Sputtered Si 3 N 4 has been successfully applied for this 
purpose . 

The principal difficulties encountered in the fabrication have been 
related to the Ti evaporation. In the worst cases the adhesion 
was so poor that the metal pealed away from the silicon. In the 
least pronounced cases cells with the same Vq^ and Ig^, would ex- 
hibit different fill factors. 

Initially, pieces of Ti "sponge" were evaporated from a tungsten 
basket. The poor thermal contact between the sponge and the bas- 
ket required over-heating of the basket in order to melt the Ti. 
Consequently, the evaporation occurred almost instantaneously, 
creating difficulties in timing the shutter opening to avoid con- 
tamination of the solar cells from the hot filament and yet allow- 
ing the Ti to reach the silicon surface. 

Titanium-loaded filaments of the kind used in sputtering pumps 
were evaluated as possible evaporation sources for Ti. These 
worked very well in a vacuum system which was pumped with Ti 
sputtering pumps. However, the system used for solar cell metal- 
lization is pumped by a liquid nitrogen trapped oil diffusion 
pump. The Ti-loaded filaments evaporate the Ti so slowly that it 
is deposited in a partially oxidized condition in this system. 

The Ti source presently used for the evaporations overcomes these 
difficulties to a reasonable degree. It is a simple tungsten 
filament with a shallow dip in the middle. The center of the 
filament is wrapped with a measured length of Ti wire to provide 
good thermal contact between the-Ti and the filament. It is then 
possible to melt the Ti on the filament in a controlled manner, 
open the shutter, and evaporate the Ti fast enough so that there 
is no evidence of oxidation. 


0 - 
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The initial metallization work was carried out in a small, manu- 
ally operated vacuum chamber of limited wafer capacity. The de- 
velopment of the Ti source was carried out on the larger, auto- 
matic cycling vacuum system to be used for metallization of solar 
cells. This system has been dormant for some time and at least 
the usual number of difficulties were encountered in rendering 
the equipment operational. The system now operates dependably 
and is capable of metallizing eiglit 2-1/4 in. diameter wafers or 
seventeen 1-1/4 in. diameter wafers at one time. 

The metallization patterns are determined by photoresist and etch- 
ing. The geometries of the metal patterns are shown in Figures 2 
and 3, and are labeled C-71 and C-72, respectively, corresponding 
to the mask numbers. The C-71 design employs fairly close spaced 
metal conductors intended for use with higher sheet resistance 
diffusions while C-72 is a standard "6-fingered" solar cell pat- 
tern. The metal covers 16.74% of the cell surface in pattern 
C-71 and 12.53% in C-72. This translates into 5% more open space 
for the C-72 pattern. The masks are fabricated with 4 solar 
cells in a square array so that 4 cells can be processed together 
through photoresist and etching. 

The resulting pattern from an additional mask, set No. T-28 is 
shown in Figure 4. This pattern employs an oxide mask and planar 
diffusion and results in multiple device patterns including a 
2 X 2 cm solar cell and several smaller ones, geometries conve- 
nient for determining sheet and contact resistance, and a series 
of round diodes of various sizes. The devices resulting from 
this mask are useful for capacitance, lifetime, and spectral dis- 
tribution studies. 

Additional masks are currently being fabricated similar to C-71 
and C-72 but with a smaller "buss bar" conductor yielding less 
metal coverage. 

Also included in this mask set, above and below the solar cell 
patterns, are two rows of patterns similar to some of those on 
T-28. These will permit the measurement of contact resistance 
and sheet resistance as well as furnishing convenient small de- 
vice geometries as described above, and eliminate the necessity 
of oxidizing any wafers. 


2.5.3 Testing 

In order to better understand the meaning of the efficiency mea- 
surements carried out on the solar cells produced in this contract 
it is necessary to know the spectral characteristic of the light 
source used in the tests. This light source was used in an Air 
Mass 2 Simulator developed at Lewis Research Center for NASA.'^ 

The lamps, designated Quartzline ELH, are manufactured by GE , and 
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Figure 2. Solar cell metallization mask No. C-71, 2 cm x 2 cm 
Dimensions; buss bar - 0.060" x 0.771"; vertical 
arms, segment 1-0.012" x 0.222"; segment 2-0.010" 

X 0.300"; segment 3-0.080" x 0.205"; horizontal 
fingers, inner segment - 0.005" x 0.060", outer 
segment - 0.003" x 0.050" 



Figure 3. Solar cell metallization mask No. C-72, 2 cm x 2 cm 
Dimensions; buss bar - 0.060" x 0.771"; vertical 
arms, segment 1-0.010" x 0.218"; segment 2-0.008" 

X 0.218"; segment 3-0.006" x 0.218" 
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Figure 4a. Diffusion mask No. T-28-1 for solar 
cell diagnostic pattern 



9934.4 

Figure 4b. Metallization mask No. T-28-2 for 
solar cell diagnostic pattern 
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rated at 300 watts at 120 volts. They are composed of tungsten- 
halogen bulb with an axial filament and a quartz envelope. 

This bulb is set in a stippled reflector which has a front sur- 
face dichroic coating which reduces the infrared content of the 
reflected radiation. The lamp has a beam angle of 20^, a color 
temperature of 3350*’K, and an average life of 35 hours. 

The spectral output of the lamp was measured by placing the slits 
of a monochromator-photomultiplier combination at the solar cell 
position without additional lenses , etc. This radiation was then 
compared with that received by the same monochromator-photomulti- 
plier combination using an Eppley Standard of Spectral Radiance — 
lamp No. EPIR-1049.^ The data were reduced to units of relative 
photons/second-cm^ per wavelength interval. These data are shown 
in Figure 5 for the above light source at 110 volts, with and 
without a wafer filter. In addition, the Air Mass 2 spectrum is 
shown in the same units, obtained from the irradiance data re- 
ported in "Interim Solar Cell Testing Procedures for Terrestrial 
Applications."^ Note that the Air Mass 2 spectrum is much flat- 
ter when plotted in terms of photons rather than energy units (as 
is usually done) . However, this seems the most sensible type of 
plot, since the solar cell is basically a photon-sensitive device. 

We see from Figure 5 that the dichroic reflector does a good job 
of minimizing the infrared light reaching the cell and that the 
water filter does only limited additional filtering. If one were 
to compare the light source and the Air Mass 2 spectrum at the 
same total energy^content the light source would over-emphasize 
the 6000 A to 7000A region and under-emphasize the blue and IR 
portions of the spectrum. 

Figure 6 compares the spectral output from three different ELH 
type bulbs. Bulb #2 has a bluish appearing dichroic coating and 
was the only one of a group of six with that appearance. Bulbs 
with spectral response like numbers 1 and 3 will b? used in this 
work to facilitate replacement of the bulbs with similar ones. 

Figure 7 shows the spectral output of bulb No. 1 at different 
voltages. We note the expected shift to the blue for higher 
voltages, but the change in the output is relatively minor over 
the voltage range of 90 to 120 volts. This allows one to make 
minor intensity adjustments by varying the voltage without seri- 
ously disturbing the spectral distribution. For this work the 
lamp will be run at 110 VAC ± 5 volts. 

All cells discussed here were diffused with the phosphine process 
described earlier and were measured at 110 mW/cm^ using the 
quartz-tungsten-iodine source apparatus described above. The 
100 mW/cm^ was established using a radiation thermocouple with a 
calibration accuracy of t 5%. None of the cells are antireflec- 
tion coated and all have Ti-Ag contacts on both surfaces. No 
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Relative Photons / cm^ sec 



Wavelength in Angstroms 

Figure 5* Spectral output of Quartzline ELH lamp compared to Air Mass 2 
spectrum. • — Lamp voltage = llOVAC with water filter; 
o--“Lamp voltage = llOVAC, no water filter* 
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Wavelength in Angstroms 


Figure 6. Comparison of the spectral output of three different Quartzline 
ELH lamps at 90VAC. • — Lamp #1, ■ — Lamp #2, o — Lamp #3. 
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drift field back contacts were used. All cells are 2 x 2 cm 
square and the efficiencies are computed using the full 2 x 2 cm 
cell area without any correction for metal coverage. 

A sample data sheet showing results for cell #47«’3-l is shown in 
Figure 8. Table 5 lists average results on the last few diffu- 
sion runs. Data from cells with obvious metal lifting problems 
were not included. However, some of the variation of the short 
circuit current, efficiency, and fill factor may still be caused 
by problems with the metallization. More evaluations and repro- 
ducibility runs will be carried out during the next months. 
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Table 5 


EVALUATION OF PHOSPHORUS DIFFUSED SOLAR CELLS WITHOUT 
ANTI REFLECTION COATING AT 100 mW/cm^ INCIDENT ENERGY DENSITY 


Diffusion 

No. 

Material 
Resistivity 
(B Doped) 

Mask No. 

No. 

Cells 

Voc 

(Volts) 

Isc/A 
(mA/cm2 ) 

Eff 

(%) 


P. 

.F. 


42 

4 ohm-cm 

C-71 

6 

0.546 t 

.006* 

20.4 

± 

.8 

7.73 

1 

.55 

0.697 

± 

.034 

43 

4 ohm-cm 

C-71 

6 

0.554 1 

.008 

20.0 

± 

.2 

8.34 

± 

.57 

0.747 

± 

.049 

44 

4 ohm-cm 

C-71 

5 

0.559 1 

.003 

20.2 

t 

.5 

8.71 

t 

.21 

0.769 

1 

.008 

46 

4 ohm--cm C- 

-#1 i C-72 

11 

0.554 1 

.005 

19.9 

± 

.6 

8.13 

± 

.49 

0.738 

♦ 

.029 

47 

1-2 ohm-cin 

C-72 

8 

0.582 1 

.002 

20.0 

± 

.6 

8.41 

t 

.29 

0.723 

± 

.028 

55 

1-2 ohm-cm 

C-72 

2 

0.581 1 

.002 

20.0 

± 

.2 

8.33 

i 

.01 

0.716 

1 

.007 

56 

1-2 ohm-cm 

C-72 

9 

0.580 1 

.005 

20.1 

± 

.7 

7.99 

± 

.52 

0.727 

i 

.02 

57 

] - 2 ohm-cro 

C-72 

6 

0.577 

.005 

18.9 

± 

.6 

7.72 

± 

.63 

0.726 

t 

.02 


Max imum 

Values 


0.585 

20 

.7 


8 

• 91 


0. 

779 


•Quantity listed as ± is the standard deviation of the results 
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3, PROJECTED ACTIVITIES FOR NEXT QUARTER 

• "' jmplete experimental crystal growth. 

• Continue blank preparation and material characterization. 

• Begin chemical-physical analysis for impurity content. 

• Develop lifetime me.'.surement technique for low resistivity 
material in slice form. 

• Manufacture solar cells from experimental blanks and measure 
cell performance. 
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